Aims: To identify subgroups of patients with type 2 diabetes mellitus (T2DM) following distinct trajectories of HbA1c after insulin initiation and explore underlying differences in clinical characteristics.
| INTRODUCTION
In people with type 2 diabetes mellitus (T2DM), insulin replacement therapy is recommended when oral therapy alone is no longer sufficient to maintain glucose levels, or when oral drugs cause unwanted side effects. 1 Due to the complexity of insulin treatment and also patients' heterogeneity, the decision to switch to insulin is made based on patients' individual needs as well as physicians' judgements. 2 Observational studies show that 15%-24% of people with T2DM will receive insulin in the course of their treatment. [3] [4] [5] Yet individual responses to insulin treatment vary. 6 Several studies show that the short-term glycemic response to insulin initiation is strongly dependent on baseline HbA1c level, and to a lesser extent on body mass index (BMI) and duration of diabetes. 7, 8 A recent Dutch study looked at HbA1c response after insulin initiation over a mean follow-up period of 5.6 years and identified four different subgroups, each following distinct trajectories of changes in HbA1c over time. 9 Patients in the subgroups were different in a number of characteristics such as age, systolic blood pressure (SBP) and renal function, suggesting the existence of differential response phenotypes. However, one of the study's limitations was that the patients were all managed in a centrally organized care system that is not representative of routine diabetes care. Therefore, this study seeks confirmation in a population with T2DM which is more representative of routine primary care practice.
The aim of this study is to identify subgroups of patients with T2DM following distinct trajectories of HbA1c after insulin initiation.
In addition, this study aims to describe and compare clinical characteristics of the subgroups. The findings of this study may guide individualized treatment decisions regarding initiation and management of insulin treatment in clinical practice.
| MATERIALS AND METHODS

| Study design and setting
A population-based study was conducted in a large dynamic cohort of patients diagnosed with T2DM treated in Dutch routine primary care between 2007 and 2013.
| Data source
Data were collected from the Groningen Initiative to Analyze Type 2 Diabetes Treatment (GIANTT) database. 10 This longitudinal database contains anonymized data extracted from the electronic medical records of virtually every patient with T2DM (<1% opted out) managed by routine general practice in the north of The Netherlands. 11 Patients can enter the cohort when they are newly diagnosed or when they move into the area with a diagnosis of type 2 diabetes. Patients can leave the cohort when they move out of the area, when they are no longer being treated in primary care, or when they die. The GIANTT database includes prescription data, medical histories, results from routine laboratory tests, and physical examinations from over 50 000 patients diagnosed with T2DM. The GIANTT database has been extensively described and validated and has been used previously in over 40 studies. 
| Population inclusion criteria
Patients were included if they initiated insulin treatment between January 1, 2007 and December 31, 2013. The recommended treatment target in this study period was HbA1c < 53 mmol/mol. In addition, patients needed to meet the criteria for inclusion by having:
(1) at least one HbA1c measurement taken within 365 days of the preceding insulin initiation;
(2) insulin prescribed within 365 days before each follow-up HbA1c measurement to ensure that insulin was not discontinued in the follow-up period; (3) been present in the cohort for at least two, and a maximum of 4 years, to allow for similar follow-up periods in this dynamic cohort; and.
(4) at least four HbA1c measurements in the follow-up period. 
| Baseline characteristics
| Statistical analysis
Subgroups of patients following distinct trajectories of change in HbA1c over time after insulin initiation were identified using latent class growth modeling (LCGM). 13 Briefly, LCGM is a technique used to identify distinct subgroups of individuals following similar patterns of change over time on a given variable. Although each individual has a unique developmental course, the heterogeneity in the distribution of individual differences by changes within the data is summarized by a set of polynomial functions, each of which corresponds to a distinct trajectory.
The LCGM analysis was performed in Mplus 7.4. The trajectories were modeled using a modified version of example 8.1 from the Mplus user's guide. 14 Linear, quadratic and cubic generalized method of moments (GMM) were modeled using only HbA1c values (no covariates) in a similar way to Mast et al. 9 The model fit indices were compared and results of the cubic models with fixed quadratic and cubic slope variance across trajectories were presented. The default (unstructured) variance-covariance structure was assumed to mean that each time point has its own residual variance, and that residuals are uncorrelated across time. The graph was plotted in Stata 14.1. The optimal number of subgroups was determined using a stepwise approach. The number of subgroups increased by one if all of these criteria were satisfied:
(1) the model fit (assessed by Bayesian information criterion (2) the number of patients in the newly determined subgroup is >1% of the total population; and.
(3) the model converges (the best log likelihood has been replicated).
The differences in the characteristics between the subgroups at baseline were tested using one-way ANOVA for normally distributed continuous variables, the Kruskal-Wallis test for non-normally distributed continuous variables, and the chi-square test for categorical variables. For ANOVA the pairwise comparisons were performed using the Tukey HSD test. 
| Ethics statement
| Data-sharing and data accessibility
Clinical data from the GIANTT database cannot be made publicly available. Other researchers may extract the data from the GIANTT database and replicate the analysis, provided they follow appropriate governance procedures and have received ethical approval. Interested researchers may contact the GIANTT steering committee (http://giantt.nl/contact.htm) to inquire about accessing the data.
| RESULTS
Between January 1, 2007 and December 31, 2013, 40 131 patients with T2DM had been on the GIANTT database for at least 1 year.
Treatment with insulin was initiated in 6592 patients. After applying all of the inclusion and exclusion criteria, 1459 patients were selected ( Figure 1 ). The majority of patients (3341) were excluded because they had received less than 2 years of follow-up after insulin initiation.
The excluded patients were slightly older, had lower SBP, higher ACR, were less likely to be smokers, and had more comorbidities (data not shown).
The LCGM was performed with one, two, three and four subgroups. The model with four subgroups did not converge. Therefore, the optimal model describes three groups of patients with distinct patterns of change in HbA1c over time. The findings of this study are largely in agreement with a previous study looking at HbA1c trajectories after insulin initiation. 9 Both studies clearly show the presence of a small group of poor responders, a small group of rapid responders who had a high HbA1c level at baseline, and a large group of patients with relatively stable HbA1c levels during the follow-up. In addition, Mast et al. 9 identified a fourth group that consisted of patients with a very high HbA1c level at baseline showing a slow improvement in HbA1c levels over time. The absence of a similar group in the current study can be attributed to differences in the studied populations or to differences in the data available for modeling. As previously mentioned, the study by Mast et al. 9 was conducted in a centrally organized care system that differs from the routine primary care system in which the current study was conducted. In this study, with multiple primary care practices there may be significant differences in the timings of insulin initiation. In addition, the HbA1c measurements were more unequally scheduled over time, which may lead to differences in measurement errors in the LCGM modeling. 15 It is of note that the poor responders in Group 1 in this study were younger and were more likely to receive sulfonylureas at baseline and regimens including metformin and sulfonylureas during the follow-up period. The earlier study on trajectories also reported that poor responders were represented by a relatively younger population. 9 These findings are supported by other studies showing that patients at younger ages have poorer glycaemic control. 16, 17 One of the causes for this could be that younger patients may have a more irregular lifestyle and consequently more problems in adhering to treatment with insulin. 18, 19 The higher prevalence of patients treated with sulfonylureas in this group may be an indicator of more severe illnesses. During the follow-up period, the poor responders were treated with more intensive regimens including sulfonylureas and metformin. This suggests that the higher HbA1c levels were not caused by clinical inertia, but that non-adherence may be an issue which needs to be addressed in poor responders. In addition, T2DM is seen as a heterogeneous disorder including subgroups which can be clinically characterized, but which also includes less well-defined phenotypes. 20 It is possible that this group of poor responders includes 
FIGURE 2
Mean-band plot: HbA1c values against time by group. The x-axis is divided into ten six-month intervals and the mean HbA1c is calculated for each interval patients with a different disease aetiology and disease progression, which may explain their poorer treatment responses. On the other hand, the group of poor responders was not characterized by a shorter diabetes duration at the time of insulin initiation.
A shorter diabetes duration was observed for the group of patients having very high HbA1c levels at baseline with a rapid response to insulin initiation. This indicates that within this group there are patients who did not respond sufficiently to non-insulin treatment. It could be that these insulin starters with such a short diabetes duration were misclassified, or that they could actually have latent autoimmune diabetes in adults (LADA). Although the records of patients with a diabetes duration of less than 2 years were manually checked to exclude obvious misclassifications, there can be a delay from the date of diagnosis during which patients are not yet treated.
Also, it is likely that the healthcare practitioner did not recognize LADA in some of these patients and treated them as patients with T2DM. The shorter diabetes duration may indicate that this group had a larger beta-cell reserve at the time of insulin initiation. Insulin initiation might have counteracted glucose toxicity and stimulated endogenous insulin release, thereby explaining the strong initial response in HbA1c levels. A group of rapid responders with high initial HbA1c levels was also seen in the earlier study on HbA1c trajectories: Mast et al. reported that the rapid response group showed stronger associations with mortality in comparison to the other groups. 9 Further research is needed to determine whether the groups in the current study are also associated with different mortality and complication (e.g. retinopathy) risks. Compared to patients in groups 1 and 2, patients in Group 3 also had higher levels of LDL-cholesterol and SBP. The higher levels of all cardiometabolic risk factors may be an indicator of a more severe disease or suboptimal treatment at the time of insulin initiation, implying that more attention should be given to improving medication treatment and adherence in this group. During Triglycerides in mmol/L, mean (SD) a,b Significant differences (P < 0.05).
follow-up, the patients in this group had slightly more HbA1c tests, which is explained by closer monitoring of patients with very high initial HbA1c levels. However, on average throughout the study period, all of the groups were regularly monitored.
There are a number of earlier studies looking at HbA1c trajectories in general. 21, 22 Although these studies did not look at the HbA1c response specifically after insulin initiation, the trajectories of change showed similar patterns. They clearly indicated the presence of a large group of patients with stable HbA1c levels in the follow-up period, a smaller group of patients with high HbA1c levels who appeared to respond well after initiation or intensification of treatment, and another small group of patients whose HbA1c levels deteriorated slowly. This could indicate that there is a subgroup of patients with T2DM who do not respond sufficiently to the currently available glucose-lowering drugs which are prescribed. In the current study, the group of poor responders did not improve, despite higher levels of treatment regimens including metformin and/or sulfonylureas.
The rates of prescribing of insulin and other glucose-lowering drugs varied during the follow-up. The findings show that insulin was not continuously prescribed to all of the patients over time, which is in accordance with earlier studies indicating that many patients have gaps between insulin prescriptions. 23, 24 As expected, patients with very high HbA1c levels at baseline were prescribed insulin more frequently within the first year and a half, which corresponded with their rapid decline in HbA1c levels.
A major strength of this study is that it was conducted in a large cohort of patients with T2DM from a routine primary care setting in the north of The Netherlands, and the results are therefore directly relevant for daily clinical practice. However, there are also some limitations to be considered. The population of the GIANTT cohort consists mainly of individuals of western European origins, which may influence the observed levels of HbA1c. 25 Also, because this study analyzes a real life primary-care cohort of patients, the follow-up period was restricted to 4 years. A longer follow-up period would lead to an increased risk of selection bias due to losses during the followup. The number of patients included in the study decreased after 3 years of follow-up. This is partly because there are no data covering the third and fourth years of follow-up for patients entering the dynamic cohort after 2010. In addition, some patients may have left the cohort because they died, moved out of the region, were referred to secondary diabetes care, or moved into a care home for the elderly.
A wide range of clinical data was included to characterize the different 
FIGURE 3
Mean-band plot: The percentage of patients prescribed A, insulin, B, metformin, C, sulfonylureas and D, insulin only without comedication against time by group. The x-axis is divided into ten 6-months intervals and the mean HbA1c is calculated for each interval patient groups. Taking into consideration the data-driven clustering, a prediction model was not constructed. This implies that the significant differences observed between the groups at baseline were not adjusted for the other characteristics. HbA1c values can be inaccurate in patients with anaemia. There were no reliable data to confirm or refute anaemia, but the indications are that anaemia was limited to a specific response group. Finally, the changes in HbA1c can be driven by factors other than insulin initiation, for instance non-adherence to treatment and/or the dosing or intensity of medication treatment. The feasibility of examining the prescribing of other glucose-lowering drugs during the follow-up period was considered, but this was disregarded because it would not be possible to assess insulin doses or non-adherence due to a lack of reliable data. However, patients who discontinued insulin during the follow-up were excluded from the cohort due to the requirement that patients needed at least one insulin prescription within 365 days before each follow-up HbA1c measurement.
In conclusion, this study confirmed the existence of distinct groups of HbA1c trajectories in patients with T2DM initiating insulin in routine primary care. Most patients showed a stable HbA1c
response, but one out of six patients showed either a poor response or only a rapid initial response after insulin initiation, associated with age, diabetes duration and risk-factor controls at the time of insulin initiation. Poor responses occurred despite higher levels of comedication at insulin initiation and during follow-up. The findings emphasize the importance of more personalized care approaches in the process of initiation and management of insulin treatment in patients with T2DM.
